In this study, a peptidomic approach has been used in the identification of naturally 32 generated peptides during dry-curing process showing methionine (Met) 
Introduction 53
Teruel dry-cured ham was the first Spanish meat product with accepted Protected 54
Designation of Origin (PDO). This denomination was created to control and guarantee 55 the traditional manufacture that yields in high quality dry-cured ham with typical 56 organoleptic and nutritional characteristics. The final product is the result of numerous 57 and complex biochemical reactions which take place along the fourteen months of 58
Teruel dry-cured ham processing. Proteolysis is the most important reaction that 59 generates large amounts of peptides and free amino acids from the degradation of 60 myofibrillar and sarcoplasmic proteins by the action of endogenous muscle peptidases 61 (Toldrá, Rico, & Flores, 1993; Aristoy, & Toldrá, 1995; Toldrá, & Flores, 1998; 62 Lametsch, Karlsson, Rosenvold, Andersen, Roepstorff, & Bendixen, 2003) . 63
Oxidation of lipids and proteins is the main cause for quality deterioration during 64 processing and storage of meat products, causing changes in nutritional value and 65 sensory traits (Ladikos, & Lougovois, 1990; Lund, Heinonen, Baron, & Estévez, 2011) . 66
However, lipid oxidation is also essential in the maturation process and the desirable 67 flavour of dry-cured hams, being this process extensively studied (Antequera, et al., 68 1992; Toldrá, & Flores, 1998; Ruiz, Ventanas, Cava, Andrés, & García, 1999; 69 Gandemer, 2002) . On the other hand, protein oxidation has been less studied in dry-70 cured hams, even though certain increase from the salting stage and tending to stabilise 71 towards the ham maturation period have been reported (Armenteros, Heinonen, 72 Ollilainen, Toldrá, & Estévez, 2009; Estévez, 2011; Wang, Xu, Zhang, Li, Lin, & Ma, 73 2011; Koutina, Jongberg, & Skibsted, 2012) . In fact, the oxidation of muscle proteins 74 comprises colour, flavour and texture deterioration as well as the loss of essential amino 75 acids, and changes in conformation and functionality of proteins due to oxidative 76 changes, that includes (i) formation of covalent intermolecular cross-linked protein 77
Desalted and lyophilised samples were resuspended to 10 mg/mL with 0.1% of TFA 126 and centrifuged in cold at 200 g for 3 min. Then, 15 L of the sample were cleaned and 127 concentrated using Zip-Tip C18 with standard bed format (Millipore Corporation, 128 Bedford, MA) according to the manufacturer recommendations. Peptides eluted from 129
Zip-Tip were dried and then resuspended in 20 L of 0.1% of TFA. 130
Five microliters of the sample were injected into the nESI-LC-MS/MS system. Sample 131 was preconcentrated on an Eksigent C18 trap column (3, 350m x 0.5mm; Eksigent of 132 AB Sciex, CA, USA), at a flow rate of 3 µL/min for 5 min and using 0.1% v/v TFA as 133 mobile phase. Then, the trap column was automatically switched in-line onto a nano-134 HPLC capillary column (3µm, 75µm x 12.3 cm, C18; Nikkyo Technos Co, Ltd. Japan). 135
Mobile phases consisted of solvent A, containing 0.1% v/v formic acid in water, and 136 solvent B, containing 0.1% v/v formic acid in 100% acetonitrile. The LC conditions 137 were a linear gradient from 5% to 35% of solvent B over 90 min, and 10 min from 35% 138 to 65% of solvent B, at a flow rate of 0.30 μL/min and temperature of 30 ºC. 139
The column outlet was directly coupled to a nano-electrospray ionisation system (nano-140 ESI). The Q/ToF was operated in positive polarity and information-dependent 141 acquisition mode, in which a 0.25-s ToF MS scan from m/z of 100 to 1250 was 142 performed, followed by 0.05-s product ion scans from m/z of 100 to 1500 on the 50 143 most intense 1 -5 charged ions. 144
Data analysis 145
Mascot Distiller v2.5.1. software (Matrix Science, Inc., Boston, MA, USA; 146 http://www.matrixscience.com) has been used for automated spectral processing, peak 147 list generation, and database search. The identification of peptides has been performed 148 using UniProt database, the taxonomy parameter was designated as Mammalia, and 149 oxidation of methionine (M) was selected as variable modification. Other amino acid 150 oxidations such as cysteine (C), histidine-tryptophan (HW), and proline (P) have been 151 also tested with non-significant results. Generated MS/MS spectra were searched using 152 a significant threshold of p < 0.1, a FDR of 1.5%, and a peptide tolerance on the mass 153 Tables 1 and 2 show the sequences of the oxidised peptides, the protein of origin as well 168 as the species in which it has been described, the observed and calculated masses 169 together with the charge states, amino acid residues preceding and following the 170 sequence, and the number of methionine oxidations detected in the peptide. Some of the 171 identified peptides have been detected both with and without methionine oxidations (see 172 those marked with an asterisk in Tables 1 and 2 ). This difference results on an earlier 173 elution of the oxidised peptides from reversed-phase columns and a molecular mass 174 increase of 16 Da for the respective non-oxidised peptides (Liu, Ponniah, Neill, Patel, & 175 Andrien, 2013) . Three, two, four, and eight peptides derived from ACTS, MLRS, 176 MYH1, and MYL1 proteins, respectively, were present in both oxidised and non-177 oxidised forms. Differences on both type of spectrums are described in Figure 1 , where 178 MS/MS spectrums of peptide DKEGNGTVMGAELR with and without methionine 179 oxidation from MYL1 protein are shown. 180
Cysteine and methionine are the most susceptible amino acids to oxidative changes 181 (Zhang, et al., 2013) . Nevertheless, Cys, but also His-Trp, and Pro oxidations were also 182 included in the search with the result that only Met oxidations were detected. 183 Table 3 lists the number of oxidised peptides compared to the total number of peptides 184 identified for each protein as well as the total percentage of methionine amino acid on 185 the studied sequences. Although theoretically, a high presence of Met residues on a 186 sequence could indicate a higher predisposition for oxidation, not all methionine 187 residues in a protein are susceptible in the same way because it depends on their 188 location within the protein structure and their accessibility to oxidants. In fact, the 189 highest percentages of Met are present in ACTS, TNNI2, and both myosin light chain 190 proteins (4.5, 5.5, 4.1, and 3.4 %, respectively), but corresponds to the lowest 191 percentages of identified oxidised peptides (11.6, 22.2, 5.9, and 7.4%, respectively). 192 The fact that these are the smallest of the studied proteins and those showing the highest 193 sequence coverage when identifying the sequence of the generated peptides, could be 194 The neighbouring amino acid residues also determine methionine oxidation, being those 199 surrounded by Ala, Thr, Ser, and acidic amino acids such as Asp and Glu more 200 susceptible to oxidation than Met located close to basic amino acids (Levine, et al., 201 1996; Ghesquière, & Gevaert, 2014) 2014). On the other hand, methionine amino acids have also been described to be 211 spontaneously oxidised during sample preparation, chromatography separation and 212 ionisation of MS analysis (Liu, et al., 2013; Drazic, & Winter, 2014) , although it has 213 been established that these factors, when occur, do not represent more than 2% of total 214 amount of Met oxidations. 215
Recently, it has been described that oxidative protein modifications in dry-cured 216 products are accelerated during first steps of processing but stabilised towards the final 217 stages of maturation (Koutina, et al., 2012) . Same authors also showed that oxidation 218 may change the susceptibility of proteins to the proteolytic enzymes in Parma ham, 219 influencing the proteolysis reactions (Koutina, et al., 2012) . Proteolysis, protein 220 oxidation and peptidases activity have also been studied in Xuanwei ham, concluding 221 that although oxidation occurs during salting stage, it is deccelerated due to the low 222 temperatures employed (Wang, et al., 2011) . Finally, Gallego, Mora, Fraser, Aristoy, 223
and Toldrá (2014) 
